We retrospectively enrolled 1395 patients aged > 65 years undergoing posterior lumbar spinal fusion surgery and classified them into tertiles based on serum Alkaline Phosphatase (ALP) levels (<63, 63-79, >79 IU/L). The primary outcome was the incidence of 30-day major adverse cardiac and cerebrovascular events (MACCE; composite endpoint defined as the occurrence of ≥1 of the following events: new-onset myocardial infarction, stroke, or cardiovascular mortality). The incidence of the composite endpoint was the highest in the third serum ALP tertile (0.4% vs. 0.2% vs. 2.2% in the first, second, and third tertile, respectively, p = 0.003). Multivariate analysis showed that the third serum ALP tertile was an independent predictor of the composite endpoint of MACCE (odds ratio 4.507, 95% confidence interval 1.378-14.739, p = 0.013). The optimal cut-off value of preoperative serum ALP showing the best discriminatory capacity to predict postoperative MACCE (measured by receiver-operating characteristic curve analysis) was 83 IU/L (area under curve 0.694, 95% confidence interval 0.574-0.813, p = 0.016). Preoperative serum ALP levels were independently associated with the composite endpoint of postoperative 30-days MACCE. We suggest that serum ALP can be used as a biomarker to predict cardiac and cerebrovascular complications following lumbar spinal fusion surgery in elderly patients.
Introduction
Owing to the global phenomenon of a rapidly aging population, greater longevity, and more active lifestyles in this patient population, the number of elderly patients undergoing surgery has increased rapidly over the past few decades [1] . Despite the lower and decreasing incidence of critical cardiovascular complications associated with non-cardiac surgery, age-related comorbidities remain a concerning issue [2, 3] . Vascular calcification might be the most important contributor to perioperative cardiovascular events in the elderly patients, but having been concerned less compared to other cardiopulmonary illness [4, 5] . Vascular imaging or functional studies are time-consuming, expensive, require a trained examiner, and are associated with the risk of adverse reactions to contrast dye. Therefore, simple molecular markers of vascular calcification may be an attractive option at perioperative period.
Vascular calcification is characterised by an imbalance between promoters and inhibitors of mineralisation induced by injury, renal insufficiency, or aging [6] . Inorganic pyrophosphate is a potent endogenous inhibitor of tissue mineralisation that inhibits the growth and tissue deposition of hydroxyapatite crystals [7] . Alkaline phosphatase (ALP) promotes hydrolysis inactivation of pyrophosphate and plays an important role in cardiovascular calcification observed in patients with uremia [6, 8] . Reportedly, ALP activity was shown to be associated with vascular inflammation and endothelial dysfunction in patients with chronic kidney disease (CKD) [7] . Serum ALP level, a biomarker of liver or bone disease, has become to serve as an independent predictor of cardiovascular prognosis in patients with renal insufficiency [9] . Recent studies have reported the potential predictive power of serum ALP for overall prognosis not only in patients with stroke and myocardial infarction (MI), but even in the general population [10, 11] . Moreover, in patients with coronary artery disease (CAD) undergoing stent implantation, higher baseline serum ALP levels effectively predicted cardiac or cerebrovascular events within 1 year following intervention [12] .
Recently, an 11-year follow-up prospective study involving 3380 elderly men reported a significant association between higher serum ALP levels and the risk of CAD, MI, stroke, or mortality [13] . However, to date, no study has investigated whether serum ALP levels are associated with the risk of perioperative cardiovascular complications following non-cardiac surgery in elderly patients. We investigated the association between preoperative serum ALP levels and cardiac and cerebrovascular complications in elderly patients undergoing lumbar spinal fusion surgery.
Methods

Study Population
The protocol of the study was consistent with the ethical guidelines of the 2008 Helsinki Declaration. Institutional Review Board of Yonsei University Gangnam Severance Hospital ensured appropriate ethical and bioethical conduct and approved this study (No. 3-2017-0384). Written informed consent was waived due to its retrospective nature.
We retrospectively reviewed the electronic medical records of patients aged >65 years who underwent posterior lumbar spinal fusion surgery between March 2011 and May 2017 at the Yonsei University College of Medicine Gangnam Severance Hospital (n = 2049). Exclusion criteria for the study were as follows: established liver disease defined as obstruction of the bile ducts, hepatitis, or moderate-to-severe fatty liver (n = 112), bone pathology (n = 38), cancer (n = 181), previously diagnosed moderate-to-severe valvulopathy (n = 51), cerebrovascular attacks (n = 79), MI (n = 41), arrhythmia-induced hemodynamic instability (n = 31), dialysis performed for kidney failure (n = 41), left ventricular ejection fraction <40% (n = 55), and lack of data regarding preoperative serum ALP levels (n = 25). We classified patients into 3 groups by tertiles based on preoperative serum ALP levels.
Study Endpoints
The primary outcome was the incidence of 30-day major adverse cardiac and cerebrovascular events (MACCE, composite endpoint defined as the occurrence of ≥1 of the following events: new-onset MI, stroke, or cardiovascular mortality) [14] . MI was defined as an increase in the peak serum troponin-T isoenzyme level that was >5-fold the upper limit of the reference range or a newly developed Q wave. Stroke was defined as new-onset neurological deterioration secondary to ischemic brain injury diagnosed by a neurologist.
Other Assessments
We recorded baseline patient characteristics including age, sex, body mass index, American Society of Anesthesiologists (ASA) physical status classification, preoperative cardiovascular medications, smoking habits, comorbidities (hypertension, diabetes mellitus, CAD, chronic obstructive pulmonary disease, CKD, and cerebrovascular accidents). Additionally, we recorded preoperative laboratory data including serum ALP, phosphorus, aspartate transaminase, alanine transaminase, albumin, and total bilirubin levels. We also recorded perioperative data including the number of fusion levels, operation time, intraoperative input and output, requirement of postoperative mechanical ventilation, intensive care unit (ICU) admission, and length of hospital stay.
Statistical Analysis
All statistical analyses were performed using the Statistical Package for Social Sciences (ver. 23.0 for Windows, SPSS Inc., Chicago, IL, USA), and p-values < 0.05 were considered statistically significant.
We used the Shapiro-Wilk test for normality, and continuous variables among the tertiles were compared using one-way analysis of variance with the Bonferroni post hoc for normally distributed data or Kruskal-Wallis test with the Dunn procedure for data that were not normally distributed. We compared continuous variables between patients with and without MACCE using the Student t-test for normally distributed data and the Mann-Whitney U test for data that were not normally distributed. We used the chi-squared or the Fisher exact test for categorical variables. Continuous variables were expressed as mean ± standard deviation or median (interquartile range), and categorical variables were expressed as numbers (%).
We performed logistic regression analysis to evaluate predictors of postoperative 30-day MACCE with known risk factors including age, CAD, CKD, and estimated intraoperative blood loss as well as the variables showing p < 0.2 between patients with and without MACCE. Variables showing p < 0.2 after univariate analysis were selected using a stepwise selection method and subjected to multivariate logistic regression analysis. Predictability was expressed using an odds ratio (OR) and 95% CI. We used receiver-operating characteristic (ROC) curve analysis to determine the optimal cut-off value of preoperative serum ALP showing the best discriminatory capacity to predict postoperative MACCE. The optimal cut-off value was defined as the serum ALP level showing the greatest sum of sensitivity and specificity.
Results
A total of 1395 patients were included and analyzed. Based on preoperative serum ALP levels, we classified 468 patients into the first serum ALP tertile (< 63 IU/L), 463 patients into the second serum ALP tertile (63-79 IU/L), and 464 patients into the third serum ALP tertile (> 79 IU/L). No significant intergroup differences were observed in age, sex, BMI, comorbidities, smoking habits, preoperative laboratory data including liver enzymes, and cardiovascular medication except in the percentage of patients using beta-blockers preoperatively (9.2% vs. 13.0% vs. 7.8%, respectively, p = 0.024) ( Table 1) . No significant intergroup differences were observed in operation time, the number of fusion levels, fluid balance, and estimated intraoperative blood loss (Table 2 ). An intergroup comparison of 30-day postoperative outcomes showed no differences; however, we observed a trend showing higher incidence of MI and stroke in patients in the third tertile than in patients in the other tertiles (0.4% vs. 0.2% vs. 1.3% of MI, p = 0.095 and 0.2% vs. 0% vs. 0.9% for stroke, p = 0.073 in first, second, and third tertile, respectively). The incidence of the composite endpoint was significantly higher in patients in the third tertile than in patients in the other tertiles (0.4% vs. 0.2% vs. 2.2%, in first, second, and third tertile, respectively, p = 0.003). Based on the occurrence of 30-day MACCE, we categorized patients into two groups as follows: MACCE (n = 13) and No MACCE (n = 1382) ( Table 3) . Following intergroup comparison, female sex, diabetes, and serum ALP tertiles met the predefined criterion of p < 0.2 and were therefore subjected to logistic regression analysis combined with known risk factors for cardiovascular complications including age, CAD, CKD, and estimated intraoperative blood loss (Table 4) . Using univariate analysis, we observed that female sex, diabetes, and the third serum ALP tertile showed an intergroup difference (p < 0.2) and were subjected to multivariate analysis. Multivariate analysis showed that the third serum ALP tertile (odds ratio 4.507, 95% CI 1.378-14.739, p = 0.013) remained an independent predictor of the composite endpoint of MACCE. ROC curve analysis showed that the preoperative serum ALP level with the best discriminatory capacity to predict postoperative MACCE demonstrated an area under the curve of 0.694 with a p-value = 0.016 and 95% CI 0.574-0.813. The optimal cut-off value of preoperative serum ALP that predicted postoperative 30-day MACCE was 83 IU/L with a sensitivity and specificity of 76.9% and 72.1%, respectively (Figure 1 The optimal cut-off value of serum ALP that predicted the incidence of MACCE was 83 IU/L, with a sensitivity and specificity of 76.9% and 72.1%, respectively. ALP; alkaline phosphatase, MACCE; major adverse cardiac and cerebrovascular events.
Discussion
In this retrospective geriatric cohort study, we observed that preoperative serum ALP levels were associated with postoperative cardiac and cerebrovascular complications following lumbar spinal fusion surgery. The event rate for the composite endpoint of MI, stroke, and cardiovascular mortality within 30 days postoperatively after lumbar spinal fusion surgery was significantly higher in patients with the highest serum ALP tertile distribution (>79 IU/L) than in patients with lower Figure 1 . Combined receiver-operating characteristic curve of preoperative serum ALP levels for incidence of postoperative 30-day major adverse cardiac and cerebrovascular (MACCE). The area under the curve = 0.694 and p-value = 0.016 are observed below the line showing the serum ALP level with a 95% confidence interval of 0.574-0.813. The optimal cut-off value of serum ALP that predicted the incidence of MACCE was 83 IU/L, with a sensitivity and specificity of 76.9% and 72.1%, respectively. ALP; alkaline phosphatase, MACCE; major adverse cardiac and cerebrovascular events.
In this retrospective geriatric cohort study, we observed that preoperative serum ALP levels were associated with postoperative cardiac and cerebrovascular complications following lumbar spinal fusion surgery. The event rate for the composite endpoint of MI, stroke, and cardiovascular mortality within 30 days postoperatively after lumbar spinal fusion surgery was significantly higher in patients with the highest serum ALP tertile distribution (>79 IU/L) than in patients with lower values. Moreover, the highest serum ALP tertile was observed to be an independent predictor of MACCE, regardless of known cardiovascular risk factors.
The serum ALP level is primarily used as a biomarker of liver or metabolic bone disease. However, in recent times, it has been strongly implicated in vascular calcification and is associated with poor prognosis in patients with CKD and cardiovascular diseases, as well as in the general population [7, 10, 15] . Pathological vascular calcification is characterised by hydroxyapatite crystal growth, which is regulated by several factors, including pyrophosphate (a potent inhibitor of crystal propagation) [7] . Upregulation of tissue nonspecific ALP (TNALP) (comprising >90% of circulating ALP) secondary to uremia, injury, or genetic inheritance causes excessive hydrolysis and inactivation of pyrophosphate and promotes vascular calcification [8] . A previous in vitro study performed on bovine aortic smooth muscle cells that underwent oxidative stress-induced osteogenic differentiation reported overexpression of ALP in the smooth muscle cells [16] . A previous study reported increased expression and co-localisation of ALP with osteo/chondrogenic transcription factors in human arterial tissue samples [17] . Also, experimental genetic ablation or treatment with TNALP inhibitors ameliorated aortic calcification in rat models and accumulation of pyrophosphate in the cultured vascular smooth muscle cells [18] . Moreover, overexpression of ALP and enhanced mineralisation are known to occur as a cellular response to inflammatory stimuli [19, 20] , which explains the association between ALP activity and coronary or cerebral atherosclerotic disease that is primarily induced by immunoinflammatory stimulation [7, 21] .
Pathological tissue mineralisation primarily occurs in arteries and cardiac valves; therefore, elevated ALP activity can cause coronary and cerebrovascular calcification, arterial stiffness, and valvular heart disease [22] . Vascular aging is characterised by progressively enlarging deposits of calcium in the major arteries and cardiac valves. Thus, ALP activity could be associated with calcification of the aorta, the aortic valve, as well as the coronary and cerebral arteries in elderly patients. A previous in vitro study reported that prelamin A-induced premature senescence of vascular smooth muscle cells was associated with upregulation of messenger ribonucleic acid (RNA) and protein levels of ALP and osteogenic differentiation of cells [23] . A previous study with an 11-year follow-up has shown that in addition to its association with vascular aging itself, the serum ALP level in men aged 60-79 years without a history of MI or stroke served as a predictor of CAD and mortality [13] . In our study, elderly patients in the highest serum ALP tertile might have shown a greater degree of calcification and atherosclerosis of coronary and cerebral arteries and a consequently greater predisposition to perioperative vascular injury and subsequent ischemic events than patients of similar age with lower serum ALP levels. Moreover, perioperative hemodynamic might have been more severely compromised in patients with higher serum ALP levels, which concurs with a previous report that described reduced arterial elastance as an independent risk factor for blood pressure instability during the induction of general anesthesia in patients aged 60-80 years [24] .
Increased TNALP expression or activity promotes endothelial dysfunction [7] . In a previously reported clinical trial that included 500 patients with essential hypertension, the authors observed that patients with higher serum ALP levels showed impaired endothelium-dependent vasodilatation [25] , which plays an important role in maintaining haemodynamic stability and autoregulation of cardiac and cerebral circulation. Among patients with CAD undergoing drug-eluting stent implantation, those with higher serum ALP levels developed stent thrombosis or MI more frequently, which is attributable to the reduced number and function of endothelial progenitor cells [12] . Although aging itself causes an imbalance between reactive oxygen species and nitric oxide and consequent endothelial dysfunction [26] , enhanced ALP activity accelerates endothelial cell senescence and dysfunction. This hypothesis is supported by previous experimental studies that report an association between TNALP expression and endothelial cell senescence in brain microvasculature resulting in blood-brain barrier breakdown [27, 28] . Patients in the highest serum ALP tertile in our study may have shown a greater degree of pathological changes in the arterial endothelium, with consequent hemodynamic instability and atherothrombogenic events [29] .
The predictive capacity of conventional risk factors for postoperative complications is reduced in elderly patients [30, 31] . Therefore, it is important to identify reliable preoperative screening tools for cardiovascular risk stratification. Among the previously suggested tests, exercise electrocardiogram or stress echocardiography is the most reliable diagnostic modality [32] . However, it cannot always be performed in all types of surgical procedures that elderly patients undergo, such as ophthalmic, orthopedic, spine, or surgeries for a few cancers. Moreover, these procedures require the services of experienced technicians and may cause discomfort and/or harm to patients [33] . A coronary computed tomographic angiogram was shown to be useful to predict perioperative MI or mortality in patients with diabetes undergoing transfemoral amputation [34] ; however, it may not be suitable for routine screening, considering the risk of adverse reactions or renal injury secondary to contrast dye, as well as for economic reasons. Notably, estimation of serum ALP levels is a cost-effective routine preoperative laboratory test that does not need any special equipment or expertise. To our knowledge, this is the first report that describes the utility of serum ALP as a predictor of postoperative cardiovascular complications after non-cardiac surgery in elderly patients. The optimal cut-off value of serum ALP that showed the best discriminatory capacity to predict the risk of postoperative MACCE in this study was 83 IU/L, which was close to the boundary of the highest serum ALP tertile that showed independent predictability (≥80 IU/L). This value is also consistent with the lower limits of ranges that predict poor prognosis in patients with MI or stroke [11, 35] . The actual cut-off values of serum ALP that show significant prognostic power may differ across studies based on demographic factors and types of surgeries performed in patients. However, serum ALP levels > 80 IU/L in elderly patients without concomitant conditions known to cause increased ALP levels can be considered a risk factor for cardiovascular calcification and consequent perioperative cardiovascular morbidity.
The following are the limitations of our study: (1) The incidence of MACCE was extremely low (0.9%) for sufficient statistical verification, which is attributable to the fact that spinal surgery is currently a low-risk surgery. Lack of significant predictability of serum ALP levels for each endpoint can be understood in the same context. Homogeneity in the surgical procedure in the study cohort could ensure that our results were adequately reliable. However, further studies that include patients undergoing high-risk surgeries would be required to gain a better understanding of this subject. (2) We cannot completely exclude the possibility of confounders based on differences in the percentages of patients using beta-blockers among the study groups, although a history of beta-blocker use was not independently associated with the risk of MACCE. Data analysis after adjusting for possible confounders, such as comorbidities and beta-blocker use could have improved the reliability of our study. However, unfortunately this was not possible owing to a relatively small sample size. (3) The role of residual confounders secondary to systemic inflammation cannot be excluded [7] . However, to date, there is lack of confirmatory evidence showing a positive association between serum ALP levels and systemic inflammation. Previous reports describing the cardiovascular prognostic power of serum ALP levels, which is independent of C-reactive protein [10, 12, 13] , support our argument that focuses on cardiovascular calcification as a mechanism that explains our results.
In conclusion, we observed that in patients aged >65 years undergoing lumbar spinal fusion surgery, higher preoperative serum ALP levels were independently associated with the composite endpoint of postoperative 30-day MI, stroke, or cardiovascular mortality. Our finding might implicate utility of preoperative serum ALP level as a potential biomarker of vascular calcification that plays a key role in causing cardiovascular complications in elderly patients. Further prospective studies to clarify the causal link between the serum ALP level and postoperative prognosis and verification on the other type of geriatric surgery are required. 
